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CHAPTER I

INTRODUCTION
Fruit flies have been found associated with bacterial soft rot of
cabbage,

cauliflower,

carrots, lettuce and potatoes in many observa¬

tions made in Massachusetts over the past decade.

Soft rot bacteria

have been repeatedly isolated from fruit flies collected from such
ma terial.
Although the seed corn maggot fly Hylemyia cilicrura (Rond) has
been described as being the insect habitually associated with the soft
rot disease complex of fleshy plant storage organs, there is little in¬
formation as to the role played in this complex by fruit flies.
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CHAPTER II

REVIEW OF LITERATURE

Soft Rot Diseases
Bacterial soft rot is one of the most destructive diseases of vege¬
tables in storage and transit.

The disease was studied intensively in

the years just preceding and following 1900 by L.R. Jones in the United
States, by Harrison in Canada, by Appel in Germany and by van Hall in
Holland.
This disease has been observed in a wide range of vegetables in¬
cluding artichoke, asparagus, Brussels sprouts, carrots,

cauliflower,

eggplant, horse-radish, kohlrabi, muskmelon, onion, parsnip, pepper,
potato,

radish,

rhubarb,

rutabaga,

1925; Burkholder and Smith,
tended to include fruits,

1949).

salsify, tomato and turnip (Chupp,
This list of suscepts could be ex¬

ornamentals and native plants with succulent

parenchymatous tissues.
Generally speaking the parenchymatous tissues attacked by soft
rot bacteria decay very rapidly, while the other suscept tissues are
usually more resistant.

The cells so attacked become watersoaked and

loosened, one from the other, by the action of propectinase which dis¬
solves the pectin of the middle lamella by which the cells are held to¬
gether.

The by-products of bacterial growth also setup exosmosis of

liquid containing sugar and salts from within the cells to the intercellular

2

3

spaces, where it undoubtedly serves as a source of food for further bac¬
terial growth.
molyzed.

Eventually cells of the older decayed tissue became plas-

The continuation of this process accounts for the watery con¬

dition and for the loss of consistency of the decayed tissue.

Jones (1909)

also showed clearly that the pathogenic action was actually brought about
by the diffusion of the enzyme in advance of the bacteria and that the lat¬
ter were really saprophytic upon the hydrolyzed lamella and the exomosed
material.
The epidermis usually remains intact.

The rotted tissue has a

greyish or brownish discoloration, which may or may not be accompanied
by a foul odor,
organisms.

depending on the presence or absence of certain secondary

In the case of carrots, the decay seems to develop most rap¬

idly along the core of the root; when it is cut open there is usually a dis¬
tinct line of demarcation between healthy and diseased tissues.

Under

certain conditions of high soil temperature and high moisture, this or¬
ganism may cause a pitting of the carrot root.
Bennet, F. T.

(1946) mentioned that

mechanical damage and arti¬

ficial wounds and incisions showed that infection was associated only with
immature potato tubers; the earlier the lifting the greater the liability to
attack.

Lack of air, high temperature, moist atmosphere and pressure

favored spread and increases damage; these conditions occur in railway
cars.
Eide (1965) demonstrated that,

generally, less decay occurred in

some vegetables or seed pieces stored during winter at 40°F.

Maximum
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decay occurred in cut pieces held 9 days before planting, although whole
tubers under the same conditions showed little decay if held at 70°F dur¬
ing this period.

From the studies of Vicente Jordana and his co-workers

(1958) of the host-parasite relationships of potato tubers and P. carotovorum var. aroideae and various other soft-rot bacteria and fungi, the
authors suggest that the active defense of the host against infection is of
great importance in embryonic tissue and in those under the influence of
me ri sterna tic tissue.
Wormald (1914,
disease of celery.
Bergey et al_.

1917) was the first to investigate the heart rot

This disease is also caused by_E. carotovora (Jones)

Soft rot may affect any part of the celery plant, but if the

inner or heart leaves are affected, the plant becomes unmarketable.
Destructive outbreaks of celery heart rot occur only in hot dry weather
as explained later, whereas,

soft rot of most other plants i3 favored by

rainy weather and high humidity.
Brown, N. A. (1918) illustrated soft rot disease on lettuce and she
recognized four types of this disease (in reality as four outbreaks of let¬
tuce rot in the U. S. A. ) viz.

(1) the Louisiana disease of 1915;

Beaufort (South Carolina) disease of 1916;

(2) the

(3) the Portsmouth (Virginia)

disease; and (4) the Kansas disease of 1916.
Generally speaking the symptoms of soft rot on lettuce in the ad¬
vanced: stages are the same as those on cabbage plants in which it is
named "stump rot. "

This is a type of decay affecting plants that have

started to "head out. "

The decay originates in the stem but eventually
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spreads into the base of the head.

The noticeable symptoms usually con¬

sist of a wilting of the outer leaves and a cessation of growth.

When

viewed casually, the head may appear healthy, but further examination will
reveal that the interior of the stem is decayed and that the head can be
separated readily from the stem, leaving a rotted stump.
Recently, Wehlburg and Meyer (1966) have produced typical soft-rot
symptoms by inoculating Erwinia carotovora into healthy lettuce stems of
some varieties.

The Causal Organism
At the risk of stating the obvious, one must emphasize at the outset
that soft rot bacteria are grouped together because they produce soft rot
in plant tissue.
tissue.

They induce a special kind of biochemical breakdown of

They do not dessicate or mummify tissue; rather, they make it

wet and slimy.
The most important bacterium on certain fleshy plants and vege¬
tables is Bacillus carotovora (Jones, L. R. ).

This was first described

by Jones in 1900 on many plants including cabbage, turnips,
lettuce,

celery, potatoes,

cauliflower,

spinach, Chinese cabbage, corn and banana.

Erwinia atroseptica (van Hall) has been described as the organism
commonly associated with the black leg disease of potato and Erwinia
aroideae (Townsend), with the slimy decay of various tropical and sub¬
tropical crops or crops grown in greenhouses.

Graham and Dowson

(I960) reported that these organisms have been differentiated from
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Erwinia carotovora on the basis of their capacity to utilize various
sugars.
The soft rot bacteria to be dealt with here have one morphological
and five biochemical characteristics in common.

They are physically

alike in being peritrichously flagellated rods and biochemically alike in
being pathogenic to plants, gram-negative, facultatively anaerobic, in
reducing nitrate to nitrite, and in fermenting many carbohydrates to
acids.
At the turn of the century a number of workers discovered that cer¬
tain bacteria induce soft rot disease in plants.

The first record appears

to be that of soft rot of carrot in the U.S.A. by Jones,

1901, who found

it to be caused by a motile peritrichously flagellated bacillus.

Almost

simultaneously, van Hall (1902) in Holland and Appel, in the same year
in Germany, discovered, quite independently, that an organism of similar
morphology causes black leg of potato.

Soon soft rots on many kinds of

plants were found to be caused by these bacteria.

Bacteriologists began

classifying the isolated organisms and referring them to the three popular
schemes of classification in use at that time; namely, those of Migula,
Lehman and Neumann and Erwin E. Smith.
Around 18 specific epithets of characteristic soft rot coliforms are
contained in Elliott's Manual in 1951; only three remain in the latest
Bergey's Manual; namely,

E. carotovora (Jones) Holland, E_. atroseptica

(van Hall) Jennison, and E. aroideae (Townsend) Holland.

Since Elliott's

publication additional species have been erected by several authors including

7

Burkholder,

1953 and McFadden,

1961.

As was pointed out by Graham and Dowson (i960),

there is some

question as to whether these three bacteria should be designated as dif¬
ferent species or variants of a single species.
In India, Hingorani, and Addy (1953) reached essentially the same
conclusions --they recognized two species, E_. carotovora and E_. atroseptica and considered E_. aroideae as a non-gas forming strain of E. caro¬
tovora.
E.

carotovora and E. aroideae belong to the so-called high tem¬

perature group widely distributed in tropical or sub-tropical countries
and occurring on plants cultivated in
alia (Graham and Dowson,

I960).

hothouses outside the tropics,

inter

The low temperature group, almost

exclusively derived from temperate regions, includes the organism most
frequently found in cases of natural blackleg infection; namely, E_. atroseptica.
The production of acid from maltose is a property which numerous
workers have attempted to use to characterize the blackleg organism.
For example,

Dowson, in 1941,

stated that E. carotovora did not ferment

maltose, whereas E. atroseptica did so with the production of acid and
gas, but it is now generally recognized that this is probably inadequate
for organisms which cannot be considered as E_. atroseptica for other
reasons.
A somewhat similar situation is found with regard to the formation
of acid from ethanol.

Originally ethanol was added to media in varying
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concentrations to discover the alcohol tolerance of the organisms, but
later Massey (1924) found some of them metabolize the substance and he
introduced ethanol agar as a medium to distinguish between E. aroideae
and Eh carotovora.

In the latter, utilization of ethanol is accompanied

by a marked fall in PH.

Since that time, alcohol has been incorporated

in many kinds of basal media and there have been several confirmations
and denials that the ethanol reaction is of diagnostic value (Burkholder,
1949; Helmers,

1953; and Malcolmson,

1959).

Dowson (1957) again stated

that bothJEL carotovora and Eh aroideae produce acid on ethanol agar,
whereas E, atroseptica does not.
Burkholder and Smith (1950-51) reported that both E. carotovara
and_E. phytophthora

caused black leg symptoms and tuber rots with the

production of melanins.
A favorable medium on which to grow the bacteria during the isola¬
tion and inoculation studies was sought by the writer in preliminary studies.
Longman (1963) used a selective medium for the isolation of soft rot coliforms from soil.
E.A.

The medium which is most effective is that of Graula,

(1965) for soft rot bacterial growth and cell division.
Soft rot bacteria possess enzymes which degrade pectic substances.

Partly because of the association of pectolytic enzymes with plant patho¬
genicity, there has been much investigation of pectin breakdown brought
about by both bacteria and fungi.

The subject has been reviewed exten¬

sively by Starr (1959 and 1961), Husain and Kelman and Wood (1959 and

I960).
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So far, pectin methylesterase seems the one enzyme best correlated
with pathogenicity (Smith,

1958).

More recently, investigations have been

carried out on pectin transeliminase (Starr,

1961), but it remains uncer¬

tain whether pectolytic enzymes are also toxins capable of killing proto¬
plasts or whether other non-enzymic substances are involved.
Ammann (1952) found that water-soluble methyl-cellulose is at¬
tacked by enzymes present in filtrates of E. aroideae cultures.
Other information concerning differential biochemical properties is
referred to in the papers already quoted,

such as acid production in dul-

citol and raffinose, utilization of malonate, hippurate and many others,
but space prevents their consideration.

They have not been as widely used

as the reactions already discussed and consequently, their comparative
value remains doubtful.
More recently Graham and Dowson (1964) believed that the scheme
offered by themselves is the best answer at present and therefore they
recognize only one species,

Pectobacterium carotovorum.

is divided into four sub-types:

P.

This species

carotovorum itself (or, more strictly,

P. carotovorum var. carotovorum),
P. carotovorum var. aroideae andJP.

P.

carotovorum var. atrosepticum,

carotovorum var. chrysanthemi.

Transmission of Bacterial Soft Rot
The pioneer work of J.G. Leach (1925 to 1933),

reviewed in his

"Insect Transmission of Plant Diseases, " demonstrated many facets of the
relationship of dipterous insects to the bacterial soft rot of plants.

This
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constitutes one of the most interesting associations between insects and
plant diseases.

The relationship was first discovered in a study of the

seed-corn maggot as a factor in the development of the backleg disease
of potatoes (Leach 1925 and 1926).

It has since been demonstrated for

several other insects and plant diseases (Bonde 1930a, Johnson 1930,
Leach 1927).
Blackleg is a bacterial soft rot induced by Erwlnia carotovora
(Jones) Winslow et al.

Any part of the potato plant may be affected, al¬

though it is generally the seed pieces, the base of the stem and tubers
that are directly infected by the bacteria.

The seed pieces are usually

decayed throughout before the bacteria spread into the stem or out into
the stolons to the newly formed tuber.

In the majority of cases, the

pathogenic bacteria are accompanied or closely followed by many sapro¬
phytic bacteria and fungi that reduce the seed pieces to a slimy, foul¬
smelling mass in which the larvae of insects, particularly the seed-corn
maggot (Hylemyia cilicrura),

frequently may be found.

Insects may aid

the bacteria in penetrating the protective cork layer formed by the seed
pieces.

Investigations by Leach (1926) resulted in the discovery that the

seed pieces of plants affected with blackleg were usually infested by lar¬
vae of the seed-corn maggot, Hylemyia cilicrura (Rond).

Further studies

led to the conclusion that this insect is an important agent of dissemina¬
tion and inoculation of the blackleg bacteria.
Bonde (1930b) has shown that a closely related species (H.
chodactyla Rond) also serves in the same capacity as H.

tri-

cilicrura.

The
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seed-corn maggot is a common pest of the potato and many other plants.
Reports of injury to corn, beans,

peas, turnips,

cabbages,

radishes,

onions, beets, potatoes, hedge mustard, tomatoes and several other plants
occur in the literature.
stage.

The insect overwinters in the soil in the puparial

The adult flies emerge in early spring.

They are about the size of

a housefly, which they resemble to some extent.

Eggs are deposited on

or in the soil near seed pieces and young potato plants.
after 2 or 3 days.

The eggs hatch

The maggot, upon emergence, is nearly transparent

and only slightly longer than the egg, but it is able to move about rapidly
in search of food.

Observations have shown that the maggots during the

first 24 hours will crawl about over the cut surface of the seed piece
ing with their mouth parts until the tissues begin to decay.

scrap¬

During the next

few days they penetrate deep into the tissues, thoroughly inoculating the
seed piece with bacteria.

Experiments have demonstrated that the eggs

are usually surface contaminated with the blackleg bacteria when de¬
posited.

The maggot, therefore, may pick up the bacteria from the egg

shells, from the soil or perhaps from the surface of contaminated seed
pieces.

The maggot thus acts as a very effective agent of inoculation.

Bonde (1930b,

1939b) has shown that the young maggots are attracted

to small superficial bacterial lesions on the cut surface of potato seed
pieces and that they become established through such lesions more easily
than through a sound well-suberized surface.

After 2 or 3 weeks develop¬

ment in the seed pieces, the maggots reach their maximum size of about
7 to 8 mm.

They then leave the seed pieces,

enter the soil and pupate.
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Similar effects were induced with the seed-potato maggot (H.
chodactyla).

tri-

Negative results were secured with the common house fly

(Musca domestica), false crane flies (Trichocera sp. ), a fungus gnat
(Sciara tridentata) and various species of Drosphila.
Crucifers, in common with many other plants, are subject to bac¬
terial soft rot.

The disease is very commonly associated with the attacks

of the cabbage maggot (Hylemyia brassicae Bouche).

Entomologists have

frequently mentioned decay of the tissues following maggot injury, but the
significance of the association was not known until demonstrated by John¬
son (1930), Bonde (1930a) and Doane and Chapman (1964), who proved
that the insect was a common vector of the soft-rot bacteria.
Bonde (1930) found soft rot disease affects different species of
crucifers in several different ways.

For instance,

field could be grouped into three classes:

turnips grown in the

(1) those with cabbage-maggot

injury (IE brassicae) associated with a soft white rot;
maggot injury or rot;

(2) those without

(3) those with maggot injury but without rot.

The

last group, however, developed the rot in storage, vhile turnips with no
maggot injury remained healthy.
The wild mustard (Brassica arvensis)

and the wild radish (Rapha-

nus raphanistrum ) were found generally injured at their roots by the cab¬
bage maggot.

Pathogenic bacteria often were obtained from the slightly

discolored areas in the vicinity of the maggot trails but not from noninfested plants.

Maggots from wild-radish roots were capable of inducing

bacterial decay in slices of turnips and kohlrabi.
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Rutabagas were attacked by maggots but rapid decay was not observed
in the field, until demonstrated by Doane and Chapman (1964), who found an
Erwinia sp. that grew well in association with larval feeding on infected
rutabaga.

It was also isolated from eggs, puparia and adults of_H. bras -

sicae.
One of the most common and most destructive manifestations of the
disease is the so-called Mstump rot" of cabbage.
always originates at the point of maggot attack.
kills,

or severely injures, the young plants.

The infection practically
The attacks of the maggot

Although soft rot is fre¬

quently present on such plants, it is usually obscured by the mechanical
injury caused by the larvae.

Because of the relatively large proportion

of lignified tissue in the stems of young plants, the rot seldom spreads
far beyond the tissues injured by the maggots (Johnson,

1930).

i

The later broods often deposit eggs at the base of the leaves of the
older plants.

When these hatch, the larvae burrow into the leaf base and

often into the head of the cabbage plant.

These tissues are very succu¬

lent and especially susceptible to soft rot.
they frequently decay,

Following such maggot injury,

giving rise to the condition known as stump rot.

In the fall the maggots and the puparia are often found wedged between the
leaves of the head,

the flies of the last brood frequently laying eggs on or

between the leaves of the well-developed heads.

The insect overwinters

in the puparial stage in the soil or in the refuse from cruciferous plants.
In mild climate it may also overwinter in the adult stage.
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Entomologists have observed for many years that laceration of the
cabbage-plant tissue by cabbage maggot often is followed by decay.
Slingerland (1894), for example,
roots and cause mischief,
originated. "

stated that "the maggots bore into the

sometimes to a serious extent by the decay so

Schoene (1916),

says that "the lacerations of the roots of

the cabbage and cauliflower are often accompanied by a decay of the in¬
jured part and the newly made tunnels are clear, but later they become
brown and discolored due to the decay of the exposed tissues. "
The symbiotic relations between the bacteria and the cabbage mag¬
got (studied by Johnson 1930, and Doane 1964) seem to be essentially the
same as those described for the seed corn maggot.

This insect has been

mentioned also as a possible vector of Phytomonas campestris (Pammel)
Bergey £t al. ,

the cause of the black rot of cabbage, but adequate proof

is lacking.
Heart rot of celery is another important disease caused by E.
carotovora (Jones) Bergey et al.

Destructive outbreaks of celery heart

rot occur only in hot dry weather, whereas soft rot of most other plants
is favored by rainy weather and high humidity.

The explanation of this

apparent anomaly is found in the dependence of the disease upon the
activity of certain dipterous insects.

Two species of leaf-mining Diptera

(Scaptomyza graminum Fall. and Elachiptera costata Loew) are vectors
of the disease producing organisms (Leach 1927).
These insects deposit their eggs on the leaves of celery and the
young larvae burrow into the leaves.

The soft-rot infection starts at
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the point of entrance of the larvae.

The insects normally deposit their

eggs in places where the relative humidity is high and when the eggs hatch
the larvae search for a moist place.

In moist weather, nearly all the eggs

are deposited on the leaf surface of the older outer leaves which are usually
discarded at harvest.

In dry weather, the insects deposit their eggs on

the inner heart leaves where the humidity remains high even in the driest
weather.

The succulent heart leaves are very susceptible and the decay

develops rapidly until the terminal bud is killed and the plant is a total
loss.

The symbiotic relations between the bacteria and these insects has

not been studied adequately.
Richardson (1938) has shown that the tarnished plant bug (Lygus
pratensis L. ) also may serve as an agent of inoculation for celery heart
rot.

The insects were allowed to feed on celery plants that had been

sprayed with a water suspension of Erwinia carotovora and incubated at
high humidity.

Under these conditions, infection occurred in the feeding

punctures within 48 hours.

Control plants treated in the same way but

not subjected to the insects remained healthy,
wounds were present.

except where artificial

Since plants sprayed with sterile water and sub-

jected'to the insects remained healthy, one may conclude that under
natural conditions the tarnished plant bug would be an effective vector
though not as effective as the dipterous insects.
Another

species of bacteria (Erwinia) that induces a slimy change

in its hosts is E. tracheiphila.

This bacterium causes the cucurbit wilt

disease that was first described by Erwin F. Smith in 1893.

The pathogen

16

is a strict vascular parasite, being confined almost entirely to the vas¬
cular bundles of affected stems.

The white viscid mass of bacteria that

exudes from the the vascular bundles when an infected stem is cut is the
best diagnostic symptom of the disease.

Wilting is caused largely by

occlusion of the tracheal tubes.
E. F. Smith in 1911 expressed the belief that the disease is dis¬
seminated by insects,
vittata Fabr. ).

especially the striped cucumber beetle (Diabrotica

The first experimental proof was submitted in 1915 by

Rand, who incriminated also the twelve-spotted cucumber beetle (D. duodecimpunctata Oliv. ).

Rand and Enlows (1916) have shown that infection

does not come through soil or seed and that the following insects are not
vectors:

the squash bug,

the squash ladybird,

the melon aphis, the honey¬

bee and the potato flea beetle.
Rand and Enlows (1919-1920 >and Rand and Cash (1920) have shown
that infection does not occur through the stomata and that wounds involv¬
ing the vascular bundles are most effective as infection courts.

They

have shown that the insects serve not only as agents of dissemination and
inoculation but that the adult beetle of Ih vittata may harbor the pathogen
over winter in its body.

Primary infection in the spring always originates

from the feeding of such overwintered beetles.
pathogen.

Not all beetles harbor the

However, Rand and Enlows (1920), have shown that the bac¬

teria pass uninjured through the intestinal tract of the beetles and may be
recovered from the feces.

Rand and Cash (1920) demonstrated experi¬

mentally that the feces from infective beetles may serve as effective
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inoculum only if they are dropped into a fresh feeding wound and subse¬
quently engulfed by water in the form of rain or dew which carries the
bacteria into the injured tissues.

The symbiotic relationship of E. tra-

cheiphila (Erw. Smith) Winslow_et aU ,
studied in detail.

and these insects has

not been

When larvae, for example, feed on the infected plants,

they in all probability ingest the pathogen, but the larvae feed on roots
and there is no information as to what role the insects play in this disease
not whether the bacteria survive through the pupal stage and appear in
the body of the emerging adult.
Muller and Skiebe (1962) in Germany found that bacterial rot caused
by E. carotovora and E. aroideae on Chinese cabbage,

developed as ex¬

tensively on plants heavily infested by aphids as on those infrequently
visited.

Attempts to transmit the disease to healthy cabbage plants by

means of aphids from infected plants were not successful.

The simul¬

taneous high incidence of bacteria and Myzus persicae is attributed to the
fact that optimal conditions for both organisms are the same.

Transmission of Certain Other Diseases by Flies
A bacterial soft rot disease of apples was found to be distributed by
the apple maggot fly Rhagoletis pomonella Walsh by Allen et al.
1932,

(1931,

1934) and they described the bacterium as Phytomonas melophthora

A. and R.
Allen (1931) reported that the decay associated with maggot injury
was caused by bacteria and suggested that they were disseminated by the
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adult flies, he did not name the bacteria until 1932, at which time he and
Riker published a more complete account of the decay and described the
pathogen which they named P. melophthora.

In 1934, Allen,

Pinckard and

Riker described in considerable detail the association of the bacteria with
the various stages of the life cycle of the apple maggot.
The female fly deposits her eggs in the apple fruit by making a
puncture through the epidermis with her sharp pointed ovipositor.
eggs hatch into larvae which tunnel through the flesh of the apple
by the bacteria with which they inoculate the apple,
worthless.

When the maggots are mature,

the ground to pupate.

The
and aided

soon render the fruit

they leave the apples and enter

The insect lives over winter in the pupal stage and

emerges the following summer or late spring.
Allen, Pinckard and Riker (1934) maintained that,are associated,
externally and internally, with both male and female flies.
illustrated in their tabular data.

This is clearly

This suggests that the bacteria do not

occur inside the egg but that the larvae have ample opportunity of becom¬
ing contaminated from the bacteria borne on the surface of the eggs. They
suggested that the development of the larvae may be dependent upon the
bacterial growth, for the maggots produced from surface sterilized eggs
failed to live in apple tissue, while maggots from non-sterilized eggs
grew and pupated normally.
None of these investigators have isolated this bacteria from the
interior of the puparia.

That the bacteria overwinter within the puparia

has not yet been established, although isolation was made from the surface
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of 60% of the puparia so tested but never from the soil.
Nor has anyone,

as yet, demonstrated any symbiotic relationship

between the bacteria and the apple maggot, although Dean (1933,

1935)

has reported on certain phases of the morphology and anatomy of this
insect.
There are certain points of similarity in the anatomy of apple mag¬
got with that of Dacus cleae Rossi which disseminates the Olive knot
pathogen Phytomonas savastanoi

(Erwin Smith) Bergey _et al.

A peculiar

evagination of the esophagus "Esophageal Bulb" is common in both of
these flies.

As will be pointed out later this bulb plays an important role

in the survival of the bacteria through metamorphosis in
Allen,

oleae.

Pinckard and Riker (1934) in one of their precise experi¬

ments found that isolation studies from 22 ovipositor punctures of the
apple maggot revealed that 10 of these contained P_. melophthora.

In con¬

nection with these results one should recall that relatively green apple
tissue is not a favorable medium for the rot bacteria.
a brown area was produced by the bacteria in 24 hours.

After the infection
In early stages

of rot, the apple tissue remained moist and often a surface ooze contain¬
ing great numbers of bacteria appeared about the end of the ovipositor
injury.

Several days were generally required for the entire tissue to decay.

The complete rot appeared brown and later dried down.
Bacteria that produced rot in apple fruits were isolated from the
decaying apple tissue and from both the larvae and adults of the apple
maggot.

Seven different isolations (strains) of these bacteria from different
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sources were purified and followed through the following cycle:
tion into apples, production of decay,

reisolation,

inocula¬

comparison with

original cultures, and reinoculation into apples followed by the typical
rot (Allen and Riker,

1932).

Fire blight of orchard fruits is a plant of unique historical interest,
caused by Erwinia amylovora (Burrill) Winslow et al. It was first reported
in eastern North America where it has been known since 1794.

As early as 1891, Waite directed the attention of plant pathologists
to the fact that the fire-blight organism was spread by various insects:
bees, flies, etc.

Since that time a large number of diseases have been

directly or indirectly connected with insects.

However, ten years before

the time of Waite’s work, Thomas J. Burrill proved that this disease was
caused by a bacterium, demonstrating for the first time that bacteria
could cause a disease of plants.
As early as 1884, Forbes observed fire-blight lesions associated
with the feeding activities of the tarnished plant bug (Lygus pratensis L. )
and expressed the opinion that this insect was acting as a vector of the
disease.

Proof of transmission by this insect was provided by the work

of Stewart (1913).

Waite (1891) proved experimentally that bees and wasps become con¬
taminated with the fire-blight pathogen when visiting blighted pear blossoms
and that these insects commonly spread the infection to other blossoms.
The most complete account of Waite's work is given by Smith (1911),
II, p.

55).

Vol.
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Gossard and Walton (1922) published their astonishing theory to
account for primary infection without the aid of holdover cankers.

This

is the theory that blight may be spread from the far South by insects and
rain from blossom to blossom in a progressive wave northward.

After

such a wave had started in the South, it would spread progressively north¬
ward with the seasonal advance, infecting all orchards in its path, making
the presence of holdover cankers relatively unimportant.
Jones (1903) and later Whetzel and Stewart (1909) have challenged
this theory.

They point out that bees because of their feeding habits,

are concerned primarily, if not solely, with blossom infection and could
not account for the infection of shoots and twigs that do not bear blossoms.
These workers were the first to observe the frequent association of aphids
with blighted twigs and concluded that they were the vectors, but no experi¬
mental evidence was presented until 1913 (a and b) at which time Stewart
presented the first experimental proof of the aphid transmission of fire
blight and confirmed the early observations of Forbes that the tarnished
plant bug is also a vector.

Later, Stewart and Leonard (1915,

1916)

presented evidence that several other sucking insects could serve as
vectors.

Workers in general agree with this conclusion:

but some, in¬

cluding Tullis (1929) and Miller (1929), maintain that sucking insects play
a very unimportant part in the epiphytology of fire blight.
Gossard (1916) appears to have been the first to investigate the role
of the beehive in the transmission of the fire blight pathogen.

He found

that the fire-blight bacteria could survive for at least 72 hours in honey
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taken from the hive and concluded that the hive could serve as a distribu¬
ting center for the fire-blight pathogen during the blossoming period.
Later Gossard and Walton (1922) demonstrated the presence of the patho¬
gen on the mouth parts of bees entering and leaving the hives.
in 1930 showed that the pathogen could survive in the hive,

Thomas

on the comb

and frames, for 55 days and pointed out the danger of translocation of
hives from one orchard to another.

Rosen (1933) has reported isolation

of the bacteria from interior parts of bees themselves, also from the
interior of the beehive.

He concluded that the pathogen could survive the
N

winter in the hive, thus serving as a source of primary inoculum in a new
season.

Thomas and Ark (1934a) in California were unable to confirm

Rosen's claims and said that there was not enough evidence to justify
the conclusion that bacteria taken into the hive by bees could serve as
sources of either primary or secondary inoculum.

They concluded that;

primary infection originated from bacteria carried from holdover cankers
to blossoms by ants, aphids, beetles,

coddling moths, flies, wasps and

yellow jackets.
Further objections to Rosen's conclusions were raised by Hildebrand
and Philips (1936), who have made the most thorough study yet reported of
the relation of the bee and the beehive to the epiphytology of fire blight.
Hildebrand (1937) concluded that insects do play an important part in the
spread and development of fire blight.
Recent work has placed increasing emphasis on flies as agents of
dissemination of primary inoculum from holdover canker to blossoms
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(Thomas and Ark 1934 and Parker,

1936).

In order to obtain information

as to the possible role played by flies in biologic transmission of the fireblight organism,

these workers undertook an investigation under labora¬

tory conditions employing Drosophila melanogaster (fruit fly), Musca
domestica (house fly), Lucilia seriata (green bottle fly) and Apis melliflua
(honey bee).

Flies of these and other kinds are commonly found on the

holdover cankers and in the blossoms of pear trees.

They have shown that

the fire-blight pathogen may live for several days in the intestinal tract of
Drosophila melanogaster, Musca dome stica and Lucilia seriata.
larvae of D^ melanogaster, M.
with_E_. amylovora,

When the

dome stica were fed on food contaminated

the pathogen persisted through the puparia and and re¬

contaminated the emerging adults.

The survival of the bacteria in the

puparia opens up the possibility of the pathogen over-wintering in this
way and suggests another possible source of primary inoculum.

In pre¬

cise experiments to see how long the cells of EL amylovora are able to
remain alive in the digestive organs of Prosophila adult flies,
this bacterium to remain viable for as long as 6 days.

they found

They also found

that eggs of M. domestica from contaminated females carried the organ¬
ism externally but not internally.
There has been no work done on fruit flies in relation to their pos¬
sible association in the transmission of soft rot bacteria.

However, fruit

flies have recently been shown to play a role in the transmission of the oak
wilt pathogen Geratocystis fagacearum (Henry) Bretz. Most of the work in
this relationship between the fungus and fruit fly has been done by Griswold
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(1953,

1955 and 1958).
In 1953, Griswold reported a preliminary experiment performed at

the Ohio Agricultural Experiment Station at Wooster in which a wounded
red oak seedling died early from the oak wilt disease following exposure
to adults of the pomace fly,

Drosophila melanogaster Meig.

The flies had

previously fed and laid egges upon sporulating mats of Endoconidiophora
fagacearum Bretz,

the fungus that causes oak wilt.

Griswold (1955,

19 56) subsequently reported twelve experimental

transmissions of the oak wilt fungus by D_. melanogaster and eleven by the
bark beetle Pseudopityopthorus pruinosus.

From the results of his studies

it was apparent that D. melanogaster inoculated fresh injuries on healthy
oaks over a wide time period, i. e. from early spring until after the first
severe frost in the autumn.

It was also evident that there was a wide vari¬

ation in the interval between the time of probable fungus inoculation and the
appearance of foliar symptoms.
Griswold 1958 has also emphasized the transmission of oak wilt
fungus by certain woodland-inhibiting Drosophilidae besides D_. melano¬
gaster Meig,

which are capable of transmitting the oak wilt fungus to

healthy oaks under controlled laboratory conditions.
putrida,
disticha.

D. funebris, D.

Tripunctata, D. buskii,

These include: D.

and Parascaptomyza

He believes that these six species of Drosophilidae would be

capable of effecting oak wilt fungus transmission in nature also.

CHAPTER III
MATERIALS AND METHODS

The initial study of this subject started with a general survey of
several fields of vegetable and crop plants all of which produce fleshy
storage organs,
lettuce.

such as cabbage, carrots,

cauliflowers, potatoes and

All of these were found to be affected with bacterial soft rot

disease.
Flies were collected in light traps in these fields.

The traps were

left at a spot very close to the center of the field during the whole night in
order to capture the flies.

Each morning the collected flies were brought

to the laboratory and etherized to facilitate identification by means of a
binocular microscope.
Flies were also collected in the larval state from decaying vegetables
and fruits. In the latter part of the season apparently healthy storage tubers
of potato were carried from the potato field to the laboratory and kept in
moist glass chambers.

After several days,

the maggots of fruit flies ap¬

peared on those plants which were decaying with bacterial soft rot.
field collections of fallen ripe apples,

In

spotted by bacterial soft rot decay

at sites of injury, preserved in similar jars under room conditions, fruit
fly populations increased day after day in amazing numbers.
However, a source of contaminated flies was obtained in some instances
from the field by direct collection of rotting cabbage or lettuce;

These in¬

fested plants were initially confiened where found for several days in cheese¬
cloth covered glass cylinders,

to ascertain whether they contained all stages
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of the fly.
height.

The cylinders were 24 inches in diameter and 40 inches in

Collections of these decaying plants were taken to the laboratory,

held in large glass jars which likewise were covered with cheesecloth.
The emerging flies were subsequently used in infection and transmission
studies.
To transfer the adult flies from the source material (infected plant
organs) a simple and practical insect collector of the aspirator type was
used.

Such a device is indispensable for handling individual insects.

It

consisted of a rubber-stopped 250 ml. flask used by the worker to create
suction to transfer the fly from the source into the clean dry flask through
a second tube.

By this method one can collect more than thirty flies at

a time.
Bacteria were isolated from the infected host plants by routine tech¬
niques.

The most suitable site for isolation was found to be that between

the decaying and the still healthy tissue.

Such pieces of tissue, always

less than half a centimeter long and half a centimeter thick, were cut into
sections.

Each contained both healthy and infected tissue and was dipped

prior to sectioning into 70% ethyl alcohol, removed, held horizontally and
then flamed.

The alcohol burned off in about five seconds.

The instruments

(scalpel and forceps) were sterilized immediately before use by dipping them
into 95% alcohol and igniting the alcohol by waving the scalpel through a
flame.

The samples then were dipped in sterile distilled water.

Prepared

sterile petri dishes containing 10 ml. of Potato Dextrose Agar media was
used to culture the pathogenic bacteria from the surface disinfected tissues.
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The cultures were incubated at 24° C.

Visible bacterial growth, if any,

usually occurred around these tissue sections within 24-48 hours.
The usual bacterial isolation procedure consisted of chopping the
tissue into tiny fragments in a small quantity of sterile water in a petri
dish (not more than 2 cc) or mashing the tissue with a scalpel, then making
loop dilutions to several other petri dishes containing 1 cc of sterile water,
after which all plates were poured with a nutrient agar medium in the ex¬
pectation of securing one or more plates with a well separated group of
✓

colonies, free of contamination.
Inoculation tests were made to verify the pathogenicity of the bacteria
isolated from bacterial soft rot.
test plants.

Carrots and potato tubers were used as

They were first washed carefully to remove all dirt from

outer surfaces.

Then the pure colonies of bacteria which grew on the agar

culture medium were picked up on the scalpel and a cross-cut incision
was made into the carrot with the scalpel.
to sterile water.

Control cuts were exposed only

The treated material was wrapped with wet paper towels

and held in glass moist chambers.

These chambers were incubated at

room temperature (24° C) for two or three days to see if the typical symptoms
of soft rot would appear on the inoculated carrots.

If any growth of Erwinia

carotovora occurred the translucent softening of the inoculated carrot tissue
was visible.

This reaction was not induced by other bacteria, in other words,

these organisms did not induce decay symptoms.
Experiments to verify transmission and inoculation of the pathogen
by fruit flies were conducted on head lettuce in the greenhouse at tempera-
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tures between 20° C and 28° C.

Mature plants of healthy lettuce (iceberg

type) were transplanted from the field to plastic pots of sterile soil which
were subsequently held in the greenhouse.
divided into five lots of six plants.

The experimental plants were

Each plant was covered by a plastic

bag to maintain high moisture and optimum temperature.

Each bag was

supported by three sticks, three feet long, fixed into the soil of the pot.
Each plant in each of these lots was exposed respectively to twenty con¬
taminated larvae, twenty-five puparia, twenty-five flies or twenty eggs.
The fifth lot was held free from insects as a control.
Test tubes containing pure cultures of soft rot bacteria were left open
underneath some of the caged plants.

Every two days the soil of the pots

was watered through a flap in the plastic cover.
Overwintering of the bacteria within the puparia was assessed by the
following procedure.

Rotting apples or potatoes containing many puparia

were placed on top of four inches of sterile sand in No.

10 cans, then

covered with more sand so that the top surface of the apples or potatoes
was one inch beneath the surface of the sand.

These cans were then placed

in the field in early December, covered with a screened cage and left to
overwinter.
In order to ascertain whether Eh

carotovora is carried over through

the eggs of the fruit fly to their larvae, two types of experiments were con¬
ducted as described below:
In the first, eggs were picked up under a binocular microscope from
soft rotted potatoes or decayed carrots.

About ten of the contaminated eggs
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were transferred, in a group, for five seconds, to a dish filled with 95%
ethyl alcohol and then treated in one of the following series of clorox con¬
centrations:

1%, 5%,

10%, and 20% for sixty seconds.

Immediately after

this they were washed with sterile distilled water for fifteen seconds and
laid carefully on sterile slants of Potato Dextrose Agar media.
In the second experiment eggs without disinfection were transferred
from decayed carrots under a binocular microscope by means of a camelshair brush to sterile slants of P.

D. A. medium.

All tubes were incubated

at 24° C for 48 hours and examined for any soft rot bacterial colonies on
the agar media.

Eggs that had been successfully disinfected were allowed

to develop to maggots.
after three weeks.
P.

Maggots appeared in eight days and adults appeared

These flies were transferred to other slants of sterile

D. A. medium by touching the open sides of the old test tube to the

opening of the new agar slant.

This was done under the sterile atmosphere

of a glass transfer chamber.
By this procedure flies were permitted to move from the original test
tube to the new one after which the new slant was closed with a sterile cotton
plug.

Adults were crushed and plated after they had been held on the new

sterile agar media.

The petri dishes were then incubated at 24° C.

The

pathogenicity of bacterial soft rot colonies which appeared in these isolation
studies was tested by inoculation into healthy carrot or potato tuber tissue.
Elimination of surface contaminants from larvae, puparia and flies
was attempted by the following procedure:

individual larvae, puparia or
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imagoes were first immersed for five seconds in 95% alcohol then trans¬
ferred to one of the disinfecting solutions shown in Table 1.

TABLE 1
The disinfectants and the concentrations used in the elimi¬
nation of micro-organisms from the surface of the insect.

CLOROX

MERCURIC

FORMALINE

a*

CHLORIDE

(F ormaldehyde)

%

%

%

1

3

2.6

5

6

5.2

10

12

10. 3

20

24

20. 7

40

48

41.4

*a

% of commercial or stock solution in 100 cc of water

The commercial solution of clorox used contained (5.25%) of sodium
hypochlorite, the formaldehyde contained (37%) by weight HCHO and the
stock solution of mercuric chloride used contained twenty grams of mercuric
chloride dissolved in 100 ml.

of cone, hydrochloric acid.

Each insect was

immersed in one of the disinfecting solutions shown in Table 1 for 150
seconds.

After this, it was rinsed for fifteen seconds in sterile water,

then transferred to a tube of sterile beef broth.

One day later the insect

was transferred from the broth to an empty sterile petri dish.

After the

addition of 2 mis. of sterile water the insect was crushed in the water,
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then 10 cc of Casitone Glucose Agar media (1) was added and the plate was
incubated at 23° C.

Prior to crushing the next insect sample, the forceps

were disinfected by flaming after immersion in 95% alcohol.

Eggs and

puparia were treated in the same manner as described above.
difference was that instead of being crushed in a melted P.

The only

C. A. medium,

they were left on slants of sterile agar in test tubes.
Colonies of micro-organisms were seen to have developed on the agar
madia in every petri dish within three days after the beginning of each
isolation.

These colonies were bacteria, yeasts, or fungi.

Each petri

dish was placed on the divided metal stage of an accounting lense and the
colonies were then counted and recorded.

(1) This medium was suggested by the bacteriologist E„ A.

Graula in

1963 and is the best medium for soft rot bacterial growth and divisions.

CHAPTER IV

RESULTS

1.

Field Survey for soft rot disease and fruit flies.
Because of high importance of bacterial soft rot in field and storage

areas, particularly in the Northeastern part c£ the United States, a sur¬
vey was conducted for this particular disease on potato plants and other
crops of fleshy vegetables planted in different regions of Massachusetts.
The initial survey was started at the end of the 1967 spring season.
Weather during the whole summer of that year was humid and warm,
particularly during July and August.
A high percent of bacterial soft rot disease occurred in the potato
seed pieces which had been planted in several infested fields in North
Amherst; black leg was prevalent in all these infected fields by the end
of the summer.
A survey in the first week of August,

1967,

disclosed the destruc¬

tion of mature cauliflower plants in nearby fields by bacterial soft rot.
Careful inspection of several fields of lettuce and cabbage west of the
Springfield-Holyoke area showed a high percentage of bacterial soft rot
decay particularly after rainy days.
have the disease,

It is hard to tell whether such plants

especially in its early stages, because the symptoms of

decay always start from the base of the head then spread upward into the
central leaves of the head.

In later stages of the disease,
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the presence
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of decay becomes very clear, as on cabbage in the black stump phase of
bacterial soft rot.
In one orchard east of Amherst and in other parts of Hampshire
County,

soft rot was very evident on apples,

and October.

especially during September

About 40% of the apples on the ground in one abandoned
f

orchard in the Amherst areas were affected by soft rot.
For the purpose of collecting and identifying all flies which were
feeding on diseased plants, light traps were placed in fields of lettuce,
cabbage,

cauliflower and potatoes infected with soft rot disease.

Fruit

flies (Drosophila buskii Coq. ) (1), as well as the seed corn maggot
(Hylemyia cilicrura Rond. ) were always present and in considerable num¬
bers,

particularly in collections made from diseased potato fields.
Soft rot bacteria were isolated from these flies, by routine tech¬

niques, after surface disinfection by 5% Clorox for one minute.
Fruit flies gather on infected (decayed) plants of lettuce,

cabbage,

cauliflower and potatoes in appreciable numbers, but are not attracted
to healthy plants.
Larvae of fruit flies were active and abundant on infected tissues
of lettuce and cabbage.

Puparia always can be found in good numbers

between healthy and infected leaves, particularly those in the interior of
the head, where humidity remains high and where they are shielded from

(1)

Samples of adults, larvae and pupae of fruit flies were identified by
Prof. R. I. Sailer,

Chief of the Insect Identification and Parasite

Introduction Research Branch, in Washington,

D. C.
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light.

Where soft rot disease is abundant, larvae can often be found be¬

tween healthy leaves of uninfected lettuce or cabbage plants which are
close to an infected one.
plants.

Imagoes are found flying around only the infected

Artificial yeast media was left with some infested plants caged

in the field.

However, no flies were attracted to the

beakers of yeast

media, probably because no larvae were reared on them and they were
void of bacterial growth.
Cauliflower infected with soft rot was found in the first week of
August of that year, in the Sunderland area.

When the stem is invaded

in early stages of disease involvement the plant bends down, because the
stem becomes soft and slimy and unable to hold the vegetative parts.
the disease advances,

As

the stem loses its chlorophyll (the green color)

and finally stands as an empty cylinder because all the pith tissue and
the parenchymatal region are destroyed; this decaying tissue is a good
food material for the larvae of the fruit fly.

The fly pupated in tremendous

numbers on the entire surface of such infected stems.
Infected stems of cauliflower have a slimy cortex at first but later
in the season they stand like sticks,

oxidized and brownish in color.

Soft

rot bacteria were isolated from tissues of externally disinfected pupae
found inside these infected stems.

2.

Laboratory work.
Fruit flies of D. buskii were reared from potatoes taken from storage

and brought to the laboratory where they were held in glass moist chambers.
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These tubers had been infested either in the field or in field storage after
harvesting time.
F ruit flies were also reared on carrots inoculated with soft rot bac¬
teria.

The carrot substratum was prepared by wounding the carrots,

wrapping a paper towel around each carrot, then pouring a suspension of
the bacteria over the paper covered carrots held in a glass moist chamber.
One week after this substratum had been exposed to male and female fruit
flies, first stage larvae were seen feeding on the broad basal end of the
carrots.
this time.
color.

The other parts of the same carrots were free from larvae at
Third instar larvae were observed to have a pinkish orange

The color was due to the infected carrot material which filled the

entire alimentary tract of the larvae.
The carrots in these fly rearing experiments rotted progressively
from the base of the stem to the narrow end of the root.

Where decay was

found on carrots in the field, it occurred at random on various parts of
the root.

Fruit flies were not found associated with the decay of carrots

in the field, but it was easy to collect fruit flies from carrots infected
with bacterial soft rot in storage.
Soft rot at times is abundant on fallen ripe apples in the orchard.
The female of the fruit fly lays her eggs in great quantities beneath the
waxy layer of the rotten apple at the margins of injuries.

These eggs

hatch to maggots after one week from the time of oviposition.

Rotten

apples of this type were brought from an orchard in the first week of
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October 1967 to the laboratory.
into the central part of the fruit.

In these,

the larvae had started moving

The third instar of these larvae crawled

out and pupated on the outer surface of the decayed fruit.
emerge and copulation takes place,
same fruit or another.

After imagoes

the female is ready to lay eggs in the

The eggs are always found in great numbers very

close to each other, but never in definite clusters.
The extent to which fruit flies are involved in the decay of apples by
soft rot bacteria was demonstrated in the following manner:
of healthy apples were held in the laboratory in beakers
cheesecloth.

Three groups

covered with

One lot was inoculated with soft rot bacteria by means of the

needle of a small injection syringe.

The second group was similarly inoc¬

ulated and then exposed to imagoes, both male and female,

of the fruit fly.

The third group served as a control; the apples in this group were neither
inoculated nor exposed to flies.

Some two weeks after the beginning of the

experiment the apples of the second group were decayed completely; those
%

of group one showed only a circular area of decay (about 18 mm in diameter)
around the sites of inoculation and the controls were free of decay.
Investigation of the effect on lettuce of exposure to various metamorphic stages in the development of fruit flies naturally contaminated with
soft rot bacteria was carried on in greenhouse experiments on five lots of
iceberg lettuce.
Plants of the first lot,

exposed to contaminated larvae,

showed de¬

cay which began one week following the experiment on one of the outer leaves
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on which maggots were feeding.

By their mouth parts the larvae broke

down the tissues to open their way to inner leaves of the plant.
days,

Within 20

decay covered the entire head of the plant.
Plants of the second lot, which were exposed to mature flies,

not develop any symptoms of soft rot.

did

The flies which were enclosed with

the plants by means of polyethylene bags died after three to four days.
Flies emerged from the contaminated pupae which were enclosed
with the plants of the third lot and then died within four days.

No symptoms

of disease occurred on these plants until maggots had developed from eggs
that had been laid by these flies.

These new flies of the second generation

survived longer than their parents, perhaps because they had free access
to test tubes containing pure cultures of soft rot bacteria left open inside
the cages beneath each lettuce plant.

Complete decay had occurred 34

days after the beginning of the experiment.
Plants belonging to the fourth lot were exposed to contaminated eggs.
The first maggot appeared on the plants within the first week of the experi¬
ment.
'

No symptoms of soft rot were present until the third instar maggots

began feeding on the plants fourteen to fifteen days after the start of the
experiment.
Soft rot was not present in the control plants (Table 2).

However,

most of the untreated plants displayed some wilting after three of four
weeks because of injured root systems (in transplanting these large plants
from the field), high environmental temperature, and high transpiration.
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Results of Surface Disinfection Experiments
Surface disinfection experiments with the various metamorphic stages
of fruit flies taken from plants involved in bacterial soft rot decay were
performed to verify (1) internal contamination of these stages and (2) trans¬
mission of the bacteria from one stage to the next.

Experiments with the Egg Stage
Because the eggs of D. buskii Coq. are fleshy, fragile and delicate,
not to mention their small size, disinfection experiments, of necessity,
were confined to the manipulation of small groups of these eggs.
such a group of ten eggs,

From

disinfected by immersion in 5% Clorox for one

minute and then transferred to a sterile agar slant, maggots emerged.
They burrowed into the agar and left minute trails or canals as evidence
of their burrowing, but no bacterial growth developed on the agar.

From

a similar group of ten eggs disinfected by immersion for one minute in 1%
clorox, maggots hatched after five days.

White fungus and yeast colonies

developed along the burrows made by these maggots in the agar.

From

such a group of eggs transferred to agar without surface disinfection, mag¬
gots emerged after eight days and these maggots left trails of bacteria
along the burrows in the agar.
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Table 2
Effect on lettuce of exposure to various metamorphic stages
in the development of fruit flies naturally contaminated
with soft rot bacteria

#Used per

Stage

plant

Decay response

Days for initial

of lettuce

decay symptoms
to appear

Larva

20

Pupa

25

Imago

25

Egg

30

Control

cl

+

20

1 a, b/

34

_c_/

None

W

None

15

None

None

No decay occurred until larvae were produced.

^Test tubes bearing pure culture of soft rot bacteria were left open inside
the cages beneath each lettuce plant.

Hence flies gathered on these

slants of agar medium.
cDied, no eggs produced.
That the larvae which developed from the eggs' surface

disinfected

by immersion in 5% clorox were sterile internally as well as externally
was demonstrated from the culture of water in which the insects were
crushed when removed from the sterile agar.
the third larval instar stage had pupated.
micro-organisms.

They were removed after

These cultures were void of all

Comparable results were obtained from eggs treated

in 10% clorox; i. e. the puparia into which the eggs and subsequent larvae

developed were void of micro-organisms.

They were sterile internally

and externally.
Comparable results were obtained from flies into which some of
these sterile pupae metamorphosed.

However, the flies which developed

from the untreated eggs, were demonstrated to be internally contaminated
in every instance tested.

Table 3
Effect of clorox treatments on the surface disinfection
of Drosophila eggs

Disinfectant
used

a/
Concentration- Treat%

ment

Days for
hatching

Organisms Recovered—
Bacteria

Yeasts

Fungi

time (sec. )

None

None

8

XX

X

X

Clorox—/

1

60

6

X

X

X

Clorox

5

60

5

None

None

None

Clorox

10

60

5

None

None

None

None

Parts of commercial disinfectant solution in 100 cc. of water,

b

Each treatment contained about ten contaminated eggs obtained from

carrots involved by bacterial soft rot.
Commercial solution - 5.25% of NaOCl.
Three chemicals were used for the disinfection of larva, puparia, and
imagoes of contaminated fruit flies.
chloride and formaldehyde.

These chemicals were clorox, mercuric

The various concentrations used for the time

intervals indicated are shown in the accompanying tables.

After these
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treatments, each individual was transferred with sterile forceps to a Petri
dish, then crushed in a small quantity of sterile water,

after which the

plate was poured with nutrient agar.
The results of these sterilization experiments with larvae, puparia
and imagoes respectively are presented in tables 4, 5, 6 and Figure 1.
From this data it is clear that surface sterilization was achieved by im¬
mersion for 150 seconds respectively in 5 percent clorox, 6 percent mer¬
curic chloride or 5.2 percent formaldehyde and that soft rot bacteria
were carried within the bodies of each of these metamorphic stages.

The

data also suggests that the bacterial population within the insect is gradu¬
ally reduced as the insect passes from larva

to puparium to imago.

750
700
650

600
550
500
450
400

.

0 0
Larvae
Fig.

.

1

Pupae

Adults

Eggs

Propagule numbers of (Erwinia) soft rot bacteria obtained from
within the sterile crushed insects on agar medium.
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An experiment designed to appraise the overwintering of Drosophila
buskii puparium as a potential overwintering site of Pectobacterium
caratovara was set up in December 1968.

Potatoes and apples that had

decayed from infection by these bacteria and which bore hundreds of fly
puparia were placed on top 4 inches of white sand in a series of 6 inch
cans, then the pupae and vegetable remnants were covered with one inch
of white sand and the cans were overwintered in the field.

Some of these

cans were taken from the field in the first week in April 1969 and attempts
were made to isolate the bacteria from surface disinfected puparia.
(In progress) Pectobacterium carotovora were obtained sometimes
in partially pure culture, from twenty-five overwintered puparia after they
had been immersed as usual for one minute in 14% mercuric chloride;
then cultured in Potato Casitone Agar media.
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CHAPTER V

DISCUSSION
Fruit flies were found by chance on some healthy as well as diseased
vegetables and fleshy crops in Massachusetts.

The question arises as to

whether the flies, in association with soft rot bacteria, serve as agents
for harboring and disseminating the disease.

Perhaps, infection of the host

plant by the soft rot bacterial pathogen seldom occurs without the aid of
insect agents, for bacteria are able, for the most part, to enter plants
only through injuries or natural openings,

stomata, lenticels and hydrathodes.

One would expect to collect fruit flies from an infected field, not from
a healthy one, or from storage areas which contain decayed fruits or tubers.
From infected field or storage this fly can be found in high numbers on
fleshy plants or storage organs which are infected with soft rot bacteria.
It is less attracted to healthy crops.

Early in the season fruit flies are

larger in number in a diseased field than in the storage containers.

The

pathogenic bacteria will be inoculated into other storage materials by the
aid of the flies.

The insect needs only a few days in order to inject soft

rot bacteria into hundreds of other fruits and crop materials, such as storage
apples and carrots.
The females are able to deposit their eggs under the skin of injured
or of decayed fruits of apples.

They cannot oviposit in healthy fruits.
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Thus their disease potential differs from that of the apple maggot fly
(Rhogoletis pomonella Walsh), which can oviposit in either healthy or de¬
cayed apples, irrespective of other injuries.
Bonde (1939) found that no seed pieces of potato became involved by
either black leg or soft rot decay after their inoculation and exposure to
Drosophila: only those which were exposed to Hylemyia cilicrura

become

diseased.
When fifteen pounds of storage potatoes were brought into the labora¬
tory and preserved in moist chambers, fruit flies appeared in tremendous
numbers as maggots, puparia and imagoes.

They fed and reproduced and

after three weeks all tubers (five tubers in each chamber) were completely
destroyed.
Soft rot bacteria were isolated from those flies which had been
reared from storage potatoes and apples or from those collected on diseased
plants in the field.

(Tables 3, 4, 5 and 6)

The fruit fly is a delicate insect in all its metamorphic stages,
therefore, fleshy vegetables are the most favorable habitat for it, decaying
lettuce plants particularly.
Iceberg lettuce was exposed to the several contaminated stages of
D. buskii.

Maggots of the third instar were found to be able to induce the

greatest damage to these plants.

(Table 2).

If plants were exposed to

maggots, decay involved the entire leaves within a period of 20 days.
the other hand,

On

if plants were exposed to contaminated eggs, disease symptoms

first appeared after 14-15 days, e. g. after larvae had emerged and probably
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matured to the third instar.

However, decay occurred after approximately

five weeks on those plants which were exposed to contaminated pupae.
It is hard to recognize the initial symptoms on lettuce, because the
decay originates in the stem and eventually spreads into the base of the head.
The first noticeable symptoms usually consist of a wilting of outer leaves
and a cessation of growth.

The head may appear to be healthy, but further

examination will reveal that the interior of the stem is decayed.

At that

stage the head can be separated readily from the stem.
Fruit flies were attracted to the decayed lettuce plants in the field
and none tried to eat from the yeast corn-meal media which were left in
beakers underneath the decayed plants.

On the other hand, flies left in

the greenhouse and exposed to experimental plants were attracted to the
test tubes containing pure culture of soft rot bacteria, left open inside
the cages.

This media was used as a main source of their food.

This

shows that fruit flies are attracted to food which contains soft rot bacteria,
more than to food containing only yeasts.
The disinfection treatments of the outer surface of fruit fly eggs give
rise to two conclusions.
(E.

The first one is that the soft rot bacteria

carotovora) are never present inside the egg yolk contents.

The

second is that the first instar larva picks up the pathogenic bacteria from the
contaminated shell of the egg from which it emerges.

Hence, the soft rot

bacterial flora increases in its alimentary canal through the first and the
second instars and then reaches its peak in the third instar of the same
maggot.
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Soft rot decay had its inception at the junction of stem and root in
carrot roots exposed to contaminated flies held in the glass moist chambers
under laboratory conditions.

Eggs were deposited at this site and the infec¬

tions resulted from the maggots which attacked the carrots at this point,
thereby inoculating them with soft rot bacteria.

In nature, however, soft

rot decay occurred at different points-randomly-on carrot roots.
The best surface disinfectant for the various stages of the fruit fly
used in this work appeared to be formaldehyde used at a concentration of
2. 8% of commercial strength (37% of HCHO) for two minutes.
however, were irritating.

Its vapors,

Mercuric chloride, on the other hand, though

effective in eliminating surface contaminants, left a residue in the broth,
subsequent to rinsing after disinfection.
The soft rot bacterium Pectobacterium

caratovarum var. aroidae and

var. atroseptica was the dominant organism recovered in the cultures made
of the various stages of this fly, after surface disinfection, probably because
the insect ingests this organism in greatest frequency when feeding on mat¬
erials involved by soft rot decay.

That this bacterial population of the insects

enteron attained a peak in the larval stages and progressively declined in
the ensuing puparial and adult stages is apparent from Fig. 2.

Though

present on the surface of the egg stage, bacteria were not demonstrated to
be inside the egg.

That the larvae which emerge from surface contaminated

eggs, become contaminated from this source, was demonstrated in experi¬
ments with larvae reared on sterile media from such eggs.

Fungi were

isolated from the larvae but never from the puparia, and rarely from adult
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flies.

Yeasts were very rare in the puparia, but they were present in larvae

and in reasonable numbers in the adults.

Consequently, the pupal stage

appears to be the best source for isolation of soft rot bacteria as well as
providing a further means of overwintering of the pathogen.
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